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It was previously reported (1) that the inunction of pyribenzaminef hydro-
chloride on normal skin had a moderate but definite effect on the histamine
wheal and flare, in spite of the fact that insufficient amounts were absorbed to
be demonstrated in the urine, i.e., less than 1 or 2 gamma.
In the experiments about to be reported, we attempted to evaluate the ab-
sorption of PBZ hydrochloride and PBZ base from various ointment vehicles
after inunction on normal and damaged skin. The effect on histamine whealing
as well as the Penman test (2) were used as indicators.
MATERIALS AND METHODS
2%, 5%, 10% and 20% concentrations of PBZ hydrochloride and PBZ base were in-
aorporated into the four following bases:
1. Creams containing sodium lauryl sulfate, glyceryl monostearate, stearyl alcohol,
glycerine, white petrolatuin and distilled water.
2. Ointmentt containing cholesterol, stearyl alcohol, white wax, anhydrous lanolin,
white petrolatum and distilled water.
3. Carbowax base containing polyethylene glycol 400, carbowax 1500 W and carbowax
4000 W.
4. Vanishing cream containing stearic acid, sodium lauryl sulfate, arlacel 60, tween 60,
arlex and distilled water.
Excretion studies for PBZ hydrochloride in the urine were carried out according to the
method of Penman as previously reported (1).
Histamine wheals were produced by intradermal injection of 0.05 cc. of a 1:10,000 solution
of histamine hydrochloride freshly prepared. These injections were made at varying inter-
vals of time following inunctions of the various preparations previously described and
tracings of the resulting wheals and flares were made on the skin with India ink, then a
permanent record was made by transposing these to paper by means of Scotch tape.
In our experiments, all of the concentrations of PBZ hydrochloride in the various ve-
hicles were used. We are reporting results with the 10% concentration in most of the ex-
periments since it was found that not enough of the PBZ hydrochloride found its way into
the intact epidermis with the lower concentrations to adequately demonstrate the role of
different vehicles in influencing absorption through the intact skin.
EXPERIMENTAL
Experiment I
Absorption of PBZ hydrochloride from various ointment bases. The influence
of the inunction of PBZ hydrochloride on the histamine wheal and flare was
used as an indicator for the efficacy of the absorption from the various vehicles.
* From the Dermatologic Laboratory of the Mount Sinai Hospital, New York City.
This work has been supported by a grant from Ciba Pharmaceutical Products, Inc.
Read before the Twelfth Annual Meeting of the Society for Investigative Dermatology,
Inc., Atlantic City, N. J., June 7and 8, 1951.
f Hereinafter designated as PBZ.
Commercially available as 2% PBZ hydrochloride ointment and cream.
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In preliminary experiments, it was found that a concentration of less than
10% PBZ hydrochloride in any of the ointment bases gave such irregular and
inconsistent results that we finally determined to report our findings with the
10% concentration only.
Three individuals with normal skin were used. The flexor surfaces of the
forearms were used in the experiment. Three to five days were always permitted
to elapse before the employment of a different vehicle was studied in the same
individual.
Three grams of the ointment under investigation was rubbed in for 10 min-
utes over an area 10 x 15 cm. After 5 minutes, the area was cleansed with soap
and water. 0.05 cc. of the solution of histamine hydrochloride 1:10,000 was in-
jected intradermally into the prepared site at intervals of 10, 45, 90 minutes,
24 and 48 hours respectively. Control injections of the histamine solution were
always made simultaneously over a corresponding non-prepared site on the
other forearm. Tracings of the resulting wheals and flares were made 10 minutes
after the injections.
Results
The tracings give an accurate indication of the effect on the size of the wheal
and flare, but they do not in any way demonstrate the changes in the height
of the wheal or the diminution of the unpleasant sensation and pruritus follow-
ing the intradermal injections of the histamine. It appears from these experi-
ments on the three individuals tested that the PBZ hydrochloride in the cream
base gave the most consistent reduction of the flare and wheal in most instances.
The time factor was important in demonstrating maximum effects following
topical application of the PBZ hydrochloride. It seems that the maximum
effects were noted after 90 minutes and they persisted for as long as 24 hours.
At the end of 48 hours, there was practically no antiwhealing effect on the
histamine wheal and flare as compared to the control.
Experiment II
Absorption of PBZ hydrochloride from various ointment bases through intact
and damaged skin. The Penman test was used as an indicator.
Five subjects were used in this experiment. Two of the individuals had nor-
mal skin. Of the other three subjects, one had a widely disseminated spreading
psoriasis, another had psoriasis which was present in large patches but was rela-
tively inactive and the third patient had a generalized neurodermatitis of sev-
eral months duration.
In each instance, three grams of each preparation was applied over an area
of skin 10 x 15 cm. The ointments were rubbed in for 10 minutes and the treated
areas were then covered with gauze for 1 hour and then cleansed with soap and
water. 12 hour urine samples were assayed for PBZ content. In using the various
ointment bases on the same patient, an interval of at least 48 to 72 hours was
allowed to elapse before a new ointment was applied and a control examination
had shown negative tests for PBZ.
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In Table I, we are reporting the absorption of PBZ hydrochloride in the 10%
concentration from all vehicles. The 5% concentration is reported from the car-
bowax base only and the 2% concentration is reported from the vanishing cream
base and the ointment base. The results in Table I are expressed as total micro-
grams of PBZ excreted in the 12 hour period.
Results
Even the 10% concentration of PBZ hydrochloride in any one of the vehicles
when applied to normal skin under the conditions of our experiment failed to
give an excretion of as little as 1 or 2 gamma of PBZ in the 12 hour specimen.
TABLE I
MICROGRAMS PYRIBENZAMINE EXCRETED IN URINE
IN 12 HOURS AFTER SALVE INUNCTION (5 MINUTES)
ON NORMAL AND DAMAGED SKIN
PYRIBENZAMINE HCL 10% 5% 2%
L. F.
PSORIASIS -EXTENSIVE
CREAM OINTMENT CARBOWAX VANISHINGCREAM CARBOWAX
VANISHING
CREAM OINTMENT
171.3 695.0 91.8 679.2 169.3 NONE
G.S,
NEIIRCOERMATITIS 205.3
559.4 164.6 1451.7 29.6 215.72 64.4
0.6.
HEALING PSORIATIC
PATCH
2. NORMAL SKIN
CONTROL
HEALTHY ADULTS
NORMAL SKIN
J.J,G.
TM.
NONE NONE NONE NONE NONE NONE NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE NONE NONE NONE NONE NONE NONE
This was comparable to the findings in our previously reported experiments
when 2% PBZ hydrochloride ointment was used (1).
PBZ could be demonstrated in the urine after inunction to damaged skin from
all four vehicles. Absorption was maximal from the vanishing cream; next best
was the absorption from the ointment and finally the cream base and the car-
bowax base in the order given.
The type of skin pathology, that is, the amount of damage to the epidermis
and the loss of normal skin barriers to absorption was more important than the
vehicle in determining penetration. We noted that as healing took place, ab-
sorption decreased. As was to be expected with the same degree of epidermal
damage, the greater the concentration of PBZ hydrochloride, the greater the
amount which was finally absorbed. The varying figures obtained as shown in
Table I may reflect to some extent the amount of damage in the skin at the time
the inunctions were made, although no gross differences were noted during the
experiment. In the one patient with healing psoriasis, no PBZ could be demon-
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strated in the urine either when the ointment was applied to the psoriatic
patches or to the normal skin of this patient.
Experiment III
Absorption of PBZ base (10%) from the cream vehicle. The effect on the his-
tamine wheal and flare was used as an indicator.
Three subjects with normal skin were used in this experiment. The cream
vehicle was chosen so that it might be compared with the maximum effects
obtained after inunction of the PBZ hydrochloride in the same vehicle as in
Experiment I. The conditions of the experiment were the same as for Experi-
ment I as far as the amount of cream used, the area of application and the
period of inunction. The injections of histamine were made at intervals of 10
minutes, 3 hours, 6 hours, 24 and 48 hours after the inunction. As a control, a
blank cream was rubbed into the opposite forearm and histamine injections
were made in this control area.
Results
There appeared to be a definite diminution in the wheal and flare for as long
as 48 hours in some of the subjects when the PBZ base was used as compared
to the 24 hour period of effect when the PBZ hydrochloride was used. The effect
on the height of the wheal again could not adequately be presented as well as
the reduction of the unpleasant sensations following inunction by just graphic
presentation. The reduction of the unpleasant sensations was more marked
than when the PBZ hydrdchloride was used. A definite numbness resulted in
the area of inunction, in many instances, similar to that of local anesthesia.
There was a latent period before the effects on whealing became evident. It
was our impression that the total antiwhealing effect of PBZ base was not much
greater than with PBZ hydrochloride, but that the duration of the effect was
much more striking.
Experiment IV
The influence of the duration of the inunetion on the absorption of PBZ hy-
drochloride and PBZ base through damaged skin. The Perlman test was used
as an indicator.
Two female patients were used, one of whom had large patches of psoriasis
and the other an eczematoid varicose eczema of the leg. Three grams each of
the PBZ base 10% in the cream and PBZ hydrochloride 10% in the same ve-
hicle were rubbed in on two different occasions for 5 and 15 minutes respec-
tively and the urine collected in each instance for the next 24 hours. 72 hours
elapsed between experiments on the same patient. The results can be seen in
Table II.
Results
PBZ base was more readily absorbed through damaged skin than was the PBZ
hydrochloride. The amount of absorption in each case was roughly proportional
to the length of time of inunction.
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Experiment V
The effect of increase of concentration of either PBZ hydrochloride or PBZ
base in the ointment vehicle as well as the role of the increase of the time of
inunction on absorption through intact skin.
20% PBZ hydrochloride and 20% PBZ base in vehicle No. 2 were rubbed
into the skin of two normal volunteers for a period of 5 and 15 minutes respec-
tively for a total of four experiments on each subject.
In each instance, three grams of the preparation were rubbed into an area of
skin 10 x 15 cm. oii the forearm, following which the area was cleansed with
soap and water. The urine was collected for a period of 36 hours and the total
amount of PBZ excreted in the urine during this time was determined. There
was always an interval of at least five days to allow for complete excretion be-
TABLE IL
MICROGRAMS PYRIBENZAMINE EXCRETED IN URINE
IN 24 HOURS AFTER SALVE INUNCTION
ON NORMAL AND DAMAGED SKIN
% PYRIBENZAMINE 10% 20%
DAMAAEO SKIN
AM.
ES.
HCL
CREAM
BASE
CREAM
I-ICL
OINTMENT
BASE
OINTMENT
5 mm. 15mm. 5 mis. 5mm. 5 mis. 15mm 5mm. 5mm.
(12 hr. spec
238.92 3307.14 64365 2100.00
NONE 1123.58 894.78 1595.38
NORMAL SKIN
TM.
RB.
NONE
NONE
NONE NONE 203.400
NONE 18.42 NONE 388.360
tween new exposures to an ointment and the urine specimens were examined
before the beginning of each of the experiments to make sure that it was nega-
tive for PBZ.
Resn its
The results of this experiment are summarized in Table II. When the PBZ
hydrochloride ointment was rubbed in for 5 minutes, even in the 20% concen-
tration, in neither of the subjects could PBZ be demonstrated in the usine. In
one of the subjects, PBZ could be demonstrated in the urine after the PBZ
hydrochloride ointment had been rubbed in for 15 minutes. In both subjects,
however, there was a considerable excretion of PBZ after the PBZ base-con-
taining ointment was rubbed in for 15 minutes.
Experiment VI
The effect of increase of concentration of either PBZ base or PBZ hydro-
chloride as well as the effects of increased time of inunction on absorption through
the intact skin. The effects on the histamine \vheal and flare were used as an in-
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dicator. The determination of the effect on histamine wheallng was carried out
simultaneously with the studies in Experiment V. The histamine injections were
made on the prepared and analogous controlled sites at 3,6,24 and 48 hour
intervals.
The effects on the whealing are illustrated in Figures 1 and 2. The 1'BZ base-
containing ointment gave the most marked effects after inunction for 15 min-
utes. The inunction of PBZ hydrochloride for 15 minutes gave more marked
FIGURE I
ThE EFFECT OF THE PERIOD OF INUNCTION
OF 20% PYRIBENZAMINE HCL ON THE
HISTAMINE WHEAL AND FLARE
FIFTEEN MI/VU71$FIVE MI/VurEs
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effects than inunction for 5 minutes. Although the whealing was diminished
following inunction of PBZ base for 15 minutes for as long as 48 hours, no more
PBZ could he demonstrated in the urine after 24 hours.
DISCUSSION
It can be seen from our experiments that the type and degree of damage
present in the epidermis seems to be the maj or factor in determining absorption
through pathologic skin. The vehicle plays a relatively minor role. Once healing
begins to take place, absorption rapidly diminishes. Everything being equa],
the longer inunction is carried out and the greater the concentration of the
drug, the greater the quantity of the drug absorbed from a vehicle.
FIGURE H
THE EFFECT OF THE PERIOD OF INUNCTION
OF 20% PYRIBENZAMINE BASE ON THE
HISTAMINE WHEAL AND FLARE
FIVE MINUTES PIE TEEN MINUTES
H
S MOURS
24 HOURS CONiROt 24 HOURS CON iROl.
4S HOURS CONTROL 48 HOURS CONTROL
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The Penman test (2) is an especially good indicator for the absorption of
PBZ from various vehicles since it offers a reliable quantitative method of
measurement through both damaged and intact epidermis.
The method of demonstrating the effects of absorption of PBZ by its anti-
whealing effect on histamine has many drawbacks. Graphic portrayals do not
take into account the height or the intensity of the reaction, nor do they in any
way reflect the diminution of subjective sensations experienced. It does give a
more delicate indication of antiwhealing effects, however, since when no PBZ
could be detected in the urine following application to unbroken skin, there
was yet a rather definite effect on the histamine \vheal.
One of the subjects with normal skin showed a consistently poor effect on the
histamine wheal with all vehicles and preparations in spite of the fact that the
Perlman test showed that PBZ was being absorbed. That a tolerance had not
been built up to the PBZ was demonstrated by the finding that this subject
still showed a definite diminution of whealing from oral and parenteral admin-
istration of PBZ. Perhaps, in the range of small amounts of the PBZ absorbed
following inunetion, the tolerance phenomena demonstrated by Monash (3)
came into play or that by means of this mode of administration not enough
PBZ was absorbed and depoted locally by the subject to cause any effect on the
histamine wheal
It has been pointed out by Rothman (4) and others that electrolytes do not
penetrate the stratum lueidum and are generally not permeable through the
skin. Absorption when it does take place, does so in small amounts and through
the appendages. The openings of the skin glands offer a ready passage for sub-
stances to the cells lining the wall of the glands and, thus, they eventually pene-
trate through the walls into the surrounding cutis and hence to the general
circulation. The pores of the glands are filled with air and fatty material and it
is difficult for water soluble substances to penetrate unless there is incorporated
into the vehicle base, substances which permit them to mix with and eventually
displace the contents of the gland openings as well as the contents of the glands
themselves. It was pointed out at that time that inflammatory lesions of the
skin cause the normal barriers of the skin to electrolytes to be broken because
of primary damage to the epidermis.
Another important factor seems to be the viscosity of the base, asitis easier
for a base of low viscosity to be pushed into the gland openings. It is easier for
lipoid soluble substances to penetrate through the intact skin and gain entrance
into the general circulation because absorption is mainly through the appendages.
PBZ base is lipoid soluble and that explains why it is more readily absorbed
through the intact skin than PBZ hydrochloride. McKee, Sulzherger, llermann
and Baer (5) have demonstrated that absorption does not take place in any
significant amount through the sweat pores in contradistinction to the absorp-
tion through the follicular openings.
When we presented our first paper (1), a number of the discussers suggested
that there might be a depot effect which would account for the lack of appear-
ance of the PBZ in urine after inunction. There is a definite depot effect since
we were able to show in the experiments just reported that there was an anti-
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whealing effect 48 hours after inunction of the PBZ base. However, this depot
effect did not account for the negative Perlman test. We were unable pre-
viously to be entirely sure of the depot effect in spite of this clinical evidence
because by the method of Penman, the PBZ could not be demonstrated in the
urine after inunction to normal skin. The experiments which we are reporting
in this paper indicate that absorption does take place since with increased time
of inunction and especially with the increased concentration of both PBZ hy-
drochloride and PBZ base, there could be demonstrated by the method of Pen-
man fair quantities of PBZ in the urine.
Using the antiwhealing effect as a criterion for absorption of PBZ hydrochlo-
ride from the various vehicles after application to normal skin, the best results
were obtained with the cream base (No. 1). Since the vehicle represents a water-
soluble cream and since PBZ hydrochloride is also water soluble, it is readily
understood why this vehicle gave us the best results. It is easier for that type of
base to deliver a water soluble substance or allow a water soluble substance to
escape from it. However, PBZ base is not soluble in water, yet using the same
vehicle, we can see that there is a greater and more sustained effect than when
the PBZ hydrochloride was used. Apparently, it is more important to have the
active pharmaceutical agent have the properties of being lipoid soluble rather
than water soluble as far as skin absorption is concerned either through normal
or damaged epidermis.
McKee and his wo-workers (5) stress the point that the rate and route of pene-
tration is dependent on the manner of inunction. This is well exemplified by the
results of our experiments when the greater time was used for the inunction.
The best penetration of their tracer substances was effected by means of ve-
hicles which utilized the combined and reciprocal action of water, propylene
glycol, interphased active agents, coupling agents and solubilizers. With these
vehicles, staining of the follicles, cutis and epidermis was regular. They further
point out that when an oil and water emulsion is used such as a vanishing
cream, the water phase quickly evaporates leaving a film of water or a water-
miscible oil with the drug probably in suspension. The original advantages of
having the drug in solution if the drug is soluble in water, disappears when the
water evaporates.
In the light of the foregoing, it can be seen that absorption through damaged
skin cannot be used as an accurate means of evaluation of the relative efficacies
of various vehicles, at least as far as our experiments are concerned. In Experi-
ment II, the greatest absorption was found when PBZ hydrochloride was applied
to dermatitis in the vanishing cream.
The only deduction to be made from such findings was that the damage in
the epidermis was more important in absorption than the vehicle or that since
we were using PBZ hydrochloride in a vanishing cream base, the PBZ was
soluble in the water phase and it has been shown by Shelley and Melton (6) that
just as with histamine sulfate, water was one of the best vehicles for absorption.
Miller and Selle (7) also point out that the factors which govern permeability
of the skin are the presence of lipoid material within the appendages and on the
surface of the skin which determines to a great extent what shall pass. Since
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the skin contains a mixture of waxes, cholesterols, esters, water, etc., complete
insolubility of a substance either in water or in lipoid precludes absorption.
The properties of the vehicle are important. Apart from its ability to bring the
active substance into more intimate contact with the skin, the vehicle should
permit ready release of the substances and not hold them. Because chemical
reactions may occur between the vehicle and the penetrant, the former should
be relatively inert.
Our experiments with absorption of PBZ base from the ointment vehicle
(No. 2) well illustrates the above. Maximum effects on whealing and absorption
through the intact skin were obtained in our experiments when a lipoid soluble
substance (PBZ base) was used in a fatty ointment.
McKee and his co-workers (5) further found that the sweat pores were not
necessary for penetration because in their studies of the skin of the palms of
infants which contained abundant pores and well developed sweat glands but
no follicles, the vehicles produced no evidence of penetation. They concluded
that absorption takes place from the outside into the horny layer and follicular
openings down the follicles, out of the follicles and into the cutis near the se-
baceous glands as well as directly through certain segments of the outer root
sheath, thence not only downward and horizontally but also upward from the
cutis into the epidermis including first the basal cell layers, then the prickle
cell layers up to the color-free bands beneath the horny layer. As compared
with this route, the sweat glands and other routes appear to play a negligible
role in the percutaneous absorption of the materials they have studied.
Eller and Wolf (8) found that fats permeate the skin and do so in large amounts
along the hair shaft and into the oil gland ducts. Liquid fats permeate the skin
more rapidly than solid fats. Animal fats show the greatest depth of penetration
with vegetable fats next and mineral fats least. Most of the fats show optimum
penetration between 4 and 6 hours after application. After 6 hours, the quantity
of fat in the deeper tissues appears to diminish.
According to Lane and Blank (9), when a concentration of a drug which is
soluble in the given vehicle is increased within the limits of its solubility, it may
be theoretically assumed that the action of the drug on the skin will be increased
in direct proportion to the increase in concentration. When the concentration
of a drug which is insoluble in the given vehicle is increased, the action of the
drug on the skin may not be increased in direct proportion to the increase in
concentration.
The results of our Experiments V and VI well support the findings of Lane
and Blank. The increase in concentration of PBZ base in the fatty ointment re-
sulted in greater absorption. This was much more than the absorption of PBZ
hydrochloride which was water soluble from the same base.
Shelley and Melton (6) in their experiments used the whealing effect of hista-
mine after inunction to study the influence of vehicles in absorption. Their re-
sults were quite comparable to ours. Histamine absorption through the normal
intact human skin was enhanced by increasing the concentration of the hista-
mine in the vehicle and by using the histamine in the cream base. Histamine
base was better absorbed than the water soluble histamine salt. As they did,
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we found that carbowax 1500 was not suitable when a water soluble substance
was used.
SUMMARY AND CONCLUSIONS
1. PBZ hydrochloride penetrates best through normal skin from a water
soluble base. Within limits the greater the concentration of the PBZ hydrochlo-
ride and the longer the period of inunction, the greater the absorption. A carbo-
wax base was not a suitable vehicle as far as penetration is concerned for the
water soluble PBZ salt under the conditions of our experiments.
2. PBZ base is best absorbed from a fatty base after inunction to normal
skin. Within limits the greater the concentration of the drug and the longer the
period of inunction, the greater the absorption. However, PBZ base is better
absorbed than PBZ hydrochloride even from a water-soluble vehicle. Appar-
ently, it is the property of being lipoid-soluble that is more important for ab-
sorption than the vehicle itself.
3. The type and degree of damage present in the epidermis is more important
than the vehicle in absorption of both PBZ hydrochloride and PBZ base through
damaged skin.
4. Under proper experimental conditions, the Perlman test is a good indicator
for the absorption of PBZ from various vehicles.
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